Abstract: A new nivicolous species of Physarum was discovered during the study of myxomycetes in the Patagonian Andes of South America. It is described herein under the name Physarum andinum. The species is characterized by stalked sporophores or more rarely sessile sporocarps or short plasmodiocarps. The sporocarps are strikingly large, reaching 2.6 mm tall and 3 mm diam when open, and have a peridium with three layers, the internal layer being clearly visible and opening separately. Physarum andinum was found at five localities in Argentina as well as in herbarium material collected about 100 y ago in Chile. The new species is reminiscent of the non-nivicolous species Physarum brunneolum, but the latter forms smaller sporophores, has darker spores and the three layers of the peridium are adhered and open together. The characters of the new species were examined under stereomicroscope, light microscope and scanning electron microscope and micrographs of relevant details are included.
INTRODUCTION
The genus Physarum (Physaraceae, Physarales) is characterized by the presence of lime in the form of noncrystalline granules in the peridium, as well as in the nodes of the capillitium. Species of Physarum form sessile or stalked sporocarps or short to long and branched plasmodiocarps. Like other representatives of the Physaraceae, the species of Physarum produce a dark brown to black spore mass and the spores are usually covered by warts or spines. Physarum is the largest genus of Myxomycetes, comprising about 140 species (Lado 2012 ) distributed worldwide. Some species are restricted to particular environments, like the nivicolous species that complete their life cycle close to melting snow patches. Five species of Physarum have been reported as nivicolous: P. albescens Ellis ex T. Macbr., P. alpestre Mitchel, S.W. Chapm. & M.L. Farr, P. alpinum (Lister & G. Lister) G. Lister, P. nivale (Meyl.) Mar. Mey. & Poulain and P. vernum Sommerf., all of which occur in the mountains of Europe, Asia and North America (e.g. Mitchel et al. 1980 , Yajima et al. 2006 , Lado and Ronikier 2008 , Poulain et al. 2011 . Only two species, P. alpinum and P. vernum, have been found in South America; Physarum alpinum was reported from the Venezuelan Andes (Farr 1974) and P. vernum from countries including Argentina and Chile (Farr 1976 , Lado and Wrigley de Basanta 2008 , Wrigley de Basanta et al. 2010 .
During the first study of nivicolous myxomycetes carried out in South America under the framework of the Myxotropic Project (www.myxotropic.org) numerous collections of an unusual species of Physarum that formed strikingly large sporocarps were found in the Patagonian Andes. After a detailed examination of all samples and comparison with all the described species from the genus, we concluded that the South American material represents a distinct undescribed species, which we designate here as Physarum andinum.
MATERIALS AND METHODS
A total of 65 collections were obtained directly in the field at five localities in the Patagonian Andes of Argentina (FIG. 1) by investigators of the Myxotropic Project (A. EstradaTorres, E. García, C. Lado, A. Ronikier, D. Wrigley de Basanta) . All the localities were geo-referenced (Garmin, eTrex Vista HCx, Datum WGS84). In addition, one collection from Chile, found by R. Thaxter in March 1906 and preserved in Farlow Herbarium (FH) under the name Physarum brunneolum (W. Phillips) Massee, was examined. As comparative material, a further 10 collections of Physarum brunneolum from the herbaria FH and MA-Fungi and four collections of P. albescens from MA-Fungi and KRAM were studied. Observations and measurements of the morphological characters were undertaken with Nikon SMZ 1000 and SMZ 1500 stereoscopic microscopes. The total height of the sporocarps and/or length of plasmodiocarps as well as the height and the width of the sporothecae of 129 sporophores of the undescribed species and 70 of Physarum brunneolum were measured. Observations and measurements of microscopic characters were made on material mounted in Hoyer's medium, with the aid of a light microscope (Nikon Eclipse E-600) with DIC optics. Pictures of microscopic characters were taken from material mounted in water with a Nikon DS-Fi1 camera. Permanent slides of examined collections are deposited in KRAM with duplicates in MA-Fungi. Spore measurements of all mature specimens of the new species (50 per collection, 2900 in total) were made at 10003 magnification and include ornamentation. Values present in less than 1% of the measurements are given in parentheses in the description provided below. Statistical tests were calculated with Statistica 6 software. The critical-point drying technique was used for scanning electron microscopy (SEM) preparations, and specimens were examined with a Hitachi S-3000N scanning electron microscope, at 15 kV. Color notations in parentheses are from the ISCC-NBS color name charts illustrated with centroid colors (Anonymous 1976) .
RESULTS
All collections, 65 in total, of the Physarum species sampled at five different localities in the Argentinian Andes had constant features: (i) strikingly large, usually stalked sporocarps, up to 3 mm diam when open; (ii) yellow to whitish sporotheca and (iii) a three-layered peridium with the internal layer clearly visible and separate from the other two layers. This combination of characters has never been seen in other representatives of the genus. In the literature, Sturgis (1916) mentioned an ''extraordinarily robust form'' of P. brunneolum collected in Chile. According to the description, the collection was paler than the typical P. brunneolum, dirty white or pale tawny and larger, 1.3-1.8 mm diam, which agrees with the characteristics of the new morphotype we found in Argentina. This specimen and others of P. brunneolum were requested on loan. On the herbarium label of one, the material mentioned by Sturgis (1916) , FH 00270270, the collection was identified preliminarily as Chondrioderma trevelyanii, probably by the collector, and then revised by W.C. Sturgis as Physarum brunneolum. Inside the herbarium envelope we found a revision note ''tested'' by G. Lister without any date. After examination of this collection we concluded that it is the same as the specimens from Argentina and also represents the new species that we describe below. Etymology: From Latin: andinum 5 from the Andes. The epithet refers to the area of occurrence of the species.
Habitat: Near melting snow, on small living twigs, dead leaves, bark and wood of Nothofagus spp., other living or dead plant shoots (Berberis, Ribes, Acaena) and grass culms, exceptionally on mosses covering wood.
Distribution: Known in South America from the southern Andes: Argentina in Neuquén and Río Negro provinces and Chile in Magallanes and Antártica Chilena region (FIG. 4) .
Other collections examined: Physarum brunneolum. CHILE. Regió n de Valparaíso: Quillota, Hijuelas, Parque Nacional La Campana, sector Palmar de Oca, sendero Quillay, 32u569030S, 71u049350W, 508 m, hojas de árbol escleró filo,
DISCUSSION
The most distinctive characters of the new nivicolous species are the large size of the sporocarps, that can reach 3 mm diam when open, the peridium with three layers, with a clearly visible inner layer that is distinctly separate from the two other layers (FIGS. 2B, C, 6B, C), and the strongly calcified capillitium with abundant, white calcareous, polygonal nodes connected by short limeless threads (FIG. 3C-E) . The new species usually forms stalked sporocarps (FIGS. 2A, D, 6A, B), but occasionally short plasmodiocarpic fructifications are found (FIG. 2E) . We observed that the habit depends on the substrate type. Specimens occurring on twigs, bark or wood (85% of the collections) were sporocarpic, while those from grass culms and plant shoots (15%) were predominantly plasmodiocarpic. In sporocarpic forms the fructifications usually were scattered or in small groups, while in plasmodiocarpic forms they were always grouped or aggregated. The plasmodiocarps were always short, up to 5.67 mm long.
Most spores (nearly 90% of measurements) of P. andinum were 9-11 mm diam, the smallest measured spore was only 7 mm diam, while the largest was 14.5 mm, however these extreme values were recorded for less than 1% of measurements (FIG. 5) . The spores varied from very pale brown under transmitted light to moderately brown but never dark brown (FIG. 6D, E) . The height of spore ornamentation also was slightly variable from short warts to baculate or pilate by SEM (FIGS. 3F-I, 6F), according to the terminology of Rammeloo (1974) .
Physarum brunneolum seems to be most similar species to P. andinum. When the sporocarps are closed, both species usually form sporocarpic and stalked fructifications. However, P. brunneolum is considerably smaller (FIGS. 6G, 7), its sporotheca rarely exceeding 0.8 mm tall, while the sporotheca of P. andinum is larger (mean height 1.22) (FIGS. 6A, 7). The peridium of P. brunneolum is shiny and uniformly yellow-brown, and its three layers are closely attached (FIG. 6G-I) , while the peridium of P. andinum is yellow to whitish, usually darker at the base and paler at the top (FIG. 2A) , and with the inner layer distinctly separate from the two other layers (FIGS. 2C, 6C). The dehiscence of P. brunneolum is stellate (FIG. 6H-I ) and the dehiscense of P. andinum is irregular, leaving peridial remains in the lower part of the sporotheca (FIGS. 2D, 6C). Physarum brunneolum also has dark brown spores with more prominent ornamentation (FIG. 6J-L) .
Other species with a three-layered peridium (see Poulain et al. 2011) are Physarum bogoriense Racib. and P. honkongense Chao H. Chung. These species resemble P. andinum in the color of the peridium (the outer layer of these two species is ochraceous yellow, the middle layer white and the inner layer grayish), the dehiscence of the peridium and the close attachment of the outer and middle layers (considered one layer by the authors of these species, Raciborski 1898 , Chung 1997 ) that opens separately from the inner layer. The two species, however, clearly differ from P. andinum in habit, forming exclusively sessile, elongated, sometimes branched plasmodiocarps, that are slightly laterally compressed in the case of P. honkongense. Another species somewhat similar to P. andinum is P. ovisporoides Y. Yamam. & Shuanglin Chen., but, according to the original description (Yamamoto et al. 2002) , it differs in the sporocarps or plasmodiocarps that are always sessile and in the ellipsoid spores. None of the above mentioned species are nivicolous; Physarum bogoriense, P. honkongense and P. ovosporoides occur in tropical or subtropical areas, while P. brunneolum is found in the Mediterranean regions.
Among nivicolous species Physarum albescens is the most similar to P. andinum because it produces stalked sporophores. However, it clearly differs in having pear-shaped, vertically elongated sporocarps on a very weak and prostrate, membraneous stalk (FIG. 8A) that is an extension of a well developed hypothallus (Poulain et al. 2011) . Sporocarps of P. andinum are subglobose to subhemispheric on an erect and well defined stalk (FIGS. 2A, D, 6A). The two species also differ in the type and calcification of the capillitium. Physarum albescens has few, very small, yellow to orange lime nodes in a dense and noncalcareous capillitial net (FIG. 8B-D) , while the nodes of P. andinum are numerous, larger and white and the capillitium does not form a network of limeless threads (FIGS. 2C, 3C-E). Peridium characters also differentiate the two species. The peridium is of three layers, the outer shining and smooth, fused to the middle layer making it appear thick in P. andinum (FIGS. 2A-C, 3A, B), while in P. albecens it is usually rough, much thiner and built up of two membraneous layers with patches of lime deposits between them (FIG. 8B, C) .
Plasmodiocarpic forms of P. andinum may resemble P. alpestre, another nivicolous species that is always plasmodiocarpic, but in P. alpestre the plasmodiocarps are elongated and flattened, they have a longitudinally elongated columella that is usually yellow and the nodes of the capillitium are also yellow.
The degree of calcification of the capillitium of P. andinum is variable and specimens with a strongly calcified capillitium could resemble species from the genus Badhamia. But the capillitium of P. andinum is composed of large to very large angular nodes connected with short limeless filaments (FIGS. 2C, 3C-E). Sometimes two or more nodes are fused so that the capillitium appears more badhamioid when observed under the stereomicroscope, but under the light microscope and SEM limeless connections could always be observed, supporting the assignment of the new species to Physarum. The only species of Badhamia similar in color to P. andinum and having a triple peridium is Badhamia crassipella K.D. Whitney & H.W. Keller. This species is easily distinguishable from the newly described Physarum because it forms elongated, terete and reticulate plasmodiocarps and its spores are clustered in groups of 4-40 (Whitney and Keller 1982) .
The newly described P. andinum was always found during the austral spring close to melting snow. The collection FH 00270270 from Punta Arenas (Chile) was found in the first days of March (end of austral summer) but no information about habitat and locality is provided on the herbarium label. They seem to be slightly old, molded and tough, so they could have developed during spring and remained for some time in the field. Other cases of collecting typically nivicolous species in South America during the austral summer without the presence of melting snow are known (Wrigley de Basanta et al. 2010 ).
The new species was found at 1364-2243 m and in several vegetation types (FIG. 1) , in an open area above the timberline, in shrubby vegetation, as well as in Nothofagus pumilio forest. This shows that the species is not associated with any single vegetation type and it was found on various substrata. Its occurrence at relatively low elevation, inside the forest indicates that nivicolous myxomycetes are not exclusively alpine (associated with alpine belt) as demonstrated by Ronikier and Ronikier (2009) . Based on the large number of collections of P. andinum we found in different localities it can be assumed that P. andinum is probably a common species in the Patagonian Andes.
